Background Biomarkers of cardiac damages, such as troponin T (TnT) and the amino-terminal fragment of brain natriuretic peptide (NT-proBNP), may be useful as early predictors of cardiac dysfunction. The role of these biomarkers in patients receiving lapatinib and/or trastuzumab before anthracyclines is unknown. This study explores TnT and NT-proBNP as predictors of early cardiac toxicity in neoadjuvant breast cancer patients. Methods This sub-study of the NEOALTTO trial tested if changes in the levels of TnT and NT-proBNP occurred after 2 weeks of anti-HER2 therapy (lapatinib, trastuzumab or their combination) alone and/or after 18 weeks of anti-HER2 therapy plus weekly paclitaxel.
Introduction
Anti-HER2 therapy is the cornerstone of the management of HER2-positive breast cancer in both the early and advanced settings [1, 2] . Cardiac toxicity remains the main adverse event associated with anti-HER2 therapy especially when used concomitantly with or sequentially to anthracyclinebased chemotherapy [3] . This finding is consistent with the important role of HER2 signalling in cardiac muscle development and function [3] . Several studies have shown that, when added to chemotherapy, trastuzumab is associated with a low but nevertheless increased rate of cardiac toxicity compared to cytotoxic chemotherapy alone [4] . Comparatively, few data are available about the potential cardiac toxicity of lapatinib alone or combined with trastuzumab [3, 5, 6] . This combination, despite initial promising results, did not improve patient's outcome (survival) in the early setting [7] [8] [9] . Nevertheless, it remains an important therapeutic alternative in patients with advanced disease [6, 10] . In fact, trastuzumab and lapatinib, individually or in combination with chemotherapy or endocrine therapy, are commonly used in advanced disease [1, [10] [11] [12] [13] [14] [15] . Therefore, a better understanding of the cardiac toxicity of these agents remains a relevant area of research.
Currently, the main methods of cardiac evaluation prior and during the use of anti-HER2 therapy are serial echocardiography or multigated acquisition scan (MUGA) [16, 17] . These exams have the serious limitation of detecting cardiac toxicity only when myocyte dysfunction has occurred. Developing tools that would be adequately able to predict cardiac toxicity at an early stage remains an important area where further research efforts are needed. To improve upon current standards, cardiac biomarkers for myocyte damages, including troponin T (TnT) and the amino-terminal fragment of brain natriuretic peptide (NT-proBNP), have been studied [3] . Both cardiac markers are currently in use for a variety of heart conditions in non-oncologic patients [18] .
With the present sub-study of the neoadjuvant Neo-ALTTO trial [8] , we investigated the potential utility values of TnT and NT-proBNP as early predictors of cardiac toxicity in patients receiving neoadjuvant trastuzumab, lapatinib, or their combination as single agents and then combined with weekly paclitaxel.
Patients and methods

Study design
Details of the NeoALTTO trial (Breast International Group 1-06) have been previously reported [7, 8] . Briefly, the study was a randomized, multicentre, open-label, phase III trial that evaluated lapatinib, trastuzumab, or their combination as neoadjuvant therapy in patients with HER2-positive primary breast cancer. Adequate baseline left ventricular ejection fraction (LVEF) ≥ 50% was required at study entry. Eligible patients were randomly assigned to oral lapatinib, intravenous trastuzumab, or lapatinib plus trastuzumab, given alone for the first 6 weeks and then with weekly paclitaxel for further 12 weeks before definitive surgery was performed. After surgery, patients received three cycles of adjuvant 3-weekly FEC (fluorouracil, epirubicin and cyclophosphamide) chemotherapy followed by the same targeted therapy as in the neoadjuvant phase to complete 1 year of anti-HER2 treatment. Figure 1 summarizes the NeoALTTO trial design.
All NeoALTTO sites with facilities for management of additional blood samples could participate in this study. Patients' participation in this sub-study was allowed after signing the main study consent form, which included a non-specific clause for use of blood samples for biomarker research.
Cardiac biomarker sub-study: objectives and procedures
The present sub-study aimed to evaluate the utility values of TnT and NT-proBNP as predictive biomarkers of cardiac dysfunction with anti-HER2-targeted treatments in an anthracycline-naïve breast cancer population. Specifically, the study tested whether the level of TnT or NT-proBNP changed after 2 and/or 18 weeks (pre-surgery) after anti-HER2 therapy compared to baseline values, and if elevated levels of TnT and/or NT-proBNP observed at any timepoint (baseline, week 2 or pre-surgery) correlated with the occurrence of cardiac events. Finally, the study aimed to compare the incidences of cardiac events with lapatinib, trastuzumab or their combination.
The hypothesis was that the use of trastuzumab, lapatinib or their combination as single agents and added to weekly paclitaxel would not increase the levels of these biomarkers, and that if an elevation of TnT and/or NTproBNP was to occur, it would precede LVEF decline.
Blood samples were collected and centrally tested (Inselspital, Bern University Hospital, Bern, Switzerland) at 3 timepoints: baseline, after 2 weeks of anti-HER2 treatment alone and immediately before surgery (week 18). Cardiac function was closely monitored with either echocardiography or MUGA throughout the trial across all three arms at the following pre-specified timepoints: Baseline, week 6 of neoadjuvant phase, pre-surgery, weeks 1, 13, 25 and 34 of adjuvant phase, months 12, 18, 24, 36, 48 and 60 of follow-up [8] . Study protocol required that only one method of cardiac evaluation was used per patient, and all possible efforts were made to ensure the exam was performed by the same physician. Physicians performing the cardiac function test were not blinded to study treatment arm (as this was an open label study) and results of cardiac function tests were not centrally reviewed (as is the case for most studies in the oncology field that don't specifically focus on cardiac function). The thresholds for positivity (i.e. elevated biomarker) were > 0.015 μg/for TnT and > 125 pg/mL for NTproBNP [19] . For both TnT and NT-proBNP, tests manufactured by Cobas ® were employed. The antibodies use were, respectively: Anti-Troponin T-Ak ~ Biotin/Anti-Troponin T-Ak ~ Ru(bpy) and Anti-NT-proBNP-Ak ~ Biotin/ Anti-NT-proBNP-Ak ~ Ru(bpy).
Cardiac endpoints (CEs) were defined as in the main trial: (a) primary cardiac endpoint was defined as symptomatic congestive heart failure (CHF) according to the New York Heart Association (NYHA) class III or IV, or as cardiac death; (b) secondary cardiac endpoint was defined as asymptomatic (NYHA class I) or mildly symptomatic (NYHA class II) significant drop in LVEF (i.e. to below 50% and > 10 points) confirmed by a second LVEF assessment within approximately 3 weeks.
Statistical analysis
All the analyses performed were exploratory with no prespecified statistical hypothesis to be tested. Due to the small number of cardiac events and the rarity of marker elevation, only descriptive analyses were conducted.
Besides type of anti-HER2 treatment administered, the impact of the following cardiac risk factors at study entry was evaluated: diabetes, hypertension, body mass index (BMI), age and blood pressure (systolic and diastolic).
Biomarker levels (elevated/not elevated) across time were tabulated by treatment arm, post-surgery LVEF and incidence of cardiac event (secondary or primary).
Results
Of the 455 patients randomized into the NeoALTTO trial, 280 (62%) were evaluated at baseline for both TnT and NT pro-BNP; 239 (52.5%) and 244 (53.6%) at 2 weeks; and 198 (43.5%) and 197 (43.2%) at week 18, respectively (Fig. 2) . NT-proBNP and TnT were tested at all three timepoints in 173 (38%) and 172 (38%) patients, respectively. Of the 280 patients tested at baseline, 29 (10.36%) were under an angiotensin-converting-enzyme (ACE) inhibitor, 25 (8.93% a diuretic and 17 (6.07% a betablocker). Cardiac safety follow-up for this population was mostly performed with echocardiogram-211 (75.36%), with a minority being followed with MUGA 16.43%) or both (8.21%). As this project is not a pre-planned sub-study, participation was limited by the availability of samples at each of the timepoints for testing. Table 1 summarizes baseline characteristics of all the patients included in the present cardiac biomarker substudy. Tables 2 and 3 report the alterations in NT-proBNP and TnT at each timepoint for all patients tested at least one time, and for those tested at all three timepoints, respectively.
In the whole NeoALLTO population, 13 cardiac events were recorded in 11 patients, with 4 being primary CE and 9 secondary CE. Overall, the incidence of biomarker alterations in the entire sample and in patients who experienced cardiac events was very low. Among patients with cardiac events, five had a baseline measurement of biomarkers, with one having a NT-proBNP increase and none a TnT increase. At week 2, results were similar, with nine patients evaluated and only one having a NT-proBNP elevation. Of note, at both timepoints, it was the same patient who had an elevation. At week 18, 3 patients had a CE and none had biomarker alterations. The overall low number of cardiac events and of elevations precluded the performance of any statistical analysis for correlation between cardiac event and biomarker elevation in this sample as previously planned in the statistical analyses plan.
Known risk factors for anti-HER2 therapy-related cardiac toxicity were evaluated in this population. A total of 9 patients had diabetes and 57 patients had hypertension. One diabetic patient and 23 patients with hypertension had biomarker alterations, respectively. Patients with biomarker alteration were significantly older (58 vs. 49 years, respectively, p < 0.001) and had more history of hypertension (39% vs. 15%, respectively, p < 0.001) compared to those without. No differences were found in BMI between patients with biomarker alterations and those without (25.9 and 24.7, respectively) ( Table 1 ). The low number of events precluded statistical determination of any correlations between risk factors and biomarker alterations.
Discussion
To our knowledge, this is the first study investigating the potential role of cardiac biomarkers as early predictors of cardiac toxicity in anthracycline-naïve patients receiving anti-HER2 targeted therapy. The results of this Neo-ALTTO sub-study highlights the low risk of cardiac events with trastuzumab, lapatinib or their combination given alone or in combination with weekly paclitaxel followed by FEC chemotherapy.
The potential risk of cardiac toxicity in patients receiving anti-HER2 therapy has led to the need of cardiac surveillance during and post-treatment. Currently, the National Comprehensive Cancer Network (NCCN), European Society of Medical Oncology (ESMO) and the European Society of Cardiology (ESC) recommend evaluations of heart function with cardiac imaging during therapy at 3 month intervals (4 cycles) [16, 20, 21] . However, this approach has the significant drawback of detecting cardiotoxicity only once it becomes functionally significant. Despite data showing high rates of recovery following therapy interruption and proper cardiac medications, it is not possible at this point to be sure that on the very long term (a decade or more) these patients will not be at a higher risk of CHF [5] . Therefore, the use of cardiac biomarkers as means of early predictor of cardiac toxicity would be, if validated, of critical importance making possible both early interruption of therapy and more personalized follow-up schedules [22] .
Troponins I (TnI) and TnT, and NT-proBNP are markers of tissue damage (death of heart muscle cells) and of left ventricle distension (an early marker of dysfunction), respectively [22] . In the present study, the numbers of TnT and NT-proBNP elevations were overall low, thus precluding the possibility to test for correlation with cardiac events. Of note, this is the largest study dealing with cardiac biomarkers in patients receiving lapatinib and the only one evaluating both TnT and NT-proBNP in an anthracycline-naïve early breast cancer population (as all biomarker measurements were taken before patients received adjuvant FEC).
Other available studies investigating the role of cardiac biomarkers and trastuzumab use have shown mixed results [22] . The largest study conducted in 251 women receiving trastuzumab-based therapy suggested that TnI positively correlates with cardiac events [23] . Moreover, the study showed that TnI-positive patients recovered less often from cardiac events when compared to TnI-negative patients [23] . Most elevations were detected at baseline or post-first cycle with rapid normalization within 3 months. It is important to note that most patients in this sample who experienced CEs had been previously exposed to anthracyclines. Another study investigated the role of TnI and c-reactive protein in a population of patients that received 4 cycles of dosedense AC (anthracycline and cyclophosphamide) followed Table 2 Number of patients with elevated serum troponin T and/or NT-proBNP for all patients who were tested at least one time by paclitaxel plus trastuzumab and lapatinib followed by a year of trastuzumab plus lapatinib [24] . In this study, 99 patients were tested for biomarkers every 2 weeks while on treatment and then at every 3-month interval. A total of 67% of patients had at least one elevated TnI measurement, with a peak after 3 months of therapy. Although elevation in TnI often occurred before maximum LVEF reduction, no correlation was found between maximum TnI elevation and LVEF decline [25] . Once again most alterations were detected early during anti-HER2 treatment and resolved rapidly. In addition, another study with 214 patients found TnI elevations in patients who received trastuzumab after epirubicin, but no elevations in patients who received trastuzumab only [26] . Taking into account all these findings together with the results from our NeoALTTO sub-study, it is possible to hypothesize that the elevation in biomarkers is fundamentally determined by anthracyclines, in most of the cases. This is congruent with currently held hypothesis on the mechanisms of anthracycline vs anti-HER2 therapy cardiac toxicity. Anthracyclines cause direct damage to the cell membrane of cardiomyocytes by promoting oxidative stress [27] that ultimately leads to cell death, and thus to marker elevation. HER2 signalling may be a key component of cardiomyocyte resistance to anthracycline toxicity, explaining the higher risk of the combination. Trastuzumab, on the other hand, impairs cardiomyocyte function by interfering with contractility by decreasing the expression of anti-apoptotic Bcl-xL. Lapatinib may indeed antagonize this particular effect of trastuzumab and therefore be a cardioprotective factor [28] .
A recently published sub-study of the HERA trial investigating adjuvant trastuzumab and chemotherapy versus chemotherapy alone (nearly all patients in HERA received anthracyclines before trastuzumab) evaluated the potential role of cardiac biomarkers in identifying patients at risk of developing cardiac events. In this HERA sub-study, both baseline TnT and TnI levels correlated with cardiac events, even if the risk was still overall low [29] . Interestingly, the study showed that the risk of cardiac events increased by approximately 30% for each 10 ng/dl raise in NT-proBNP values from baseline levels. Few other studies have explored the usefulness of NT-proBNP in patients receiving anti-HER2 therapy. Overall, only a small number of elevations and no correlation with events were observed, as was the case in our study, although the detected NT-proBNP alterations were higher in our study [30] [31] [32] .
Several limitations should be taken into account in interpreting the results from our study. The low rates of both biomarker alterations and incidence of cardiac events reduce the reliability of our findings. Lack of prior exposure to anthracyclines may be a possible explanation for these findings. The different physiopathology of pure anti-HER2 therapy-induced cardiac toxicity, causing more dysfunction than direct necrosis of heart tissue can be another explanation [3] . Finally, the half-life of troponin is short; therefore, it is possible that the timing of measurements might have missed them [22] . Furthermore, evidence posterior to the design of our study suggests TnI to be a better target for investigation than the two biomarkers chosen for this study.
To conclude, in the present NeoALTTO sub-study, trastuzumab, lapatinib or their combination alone and combined with taxanes seemed to be a safe treatment option from a cardiac perspective with a low rate of cardiac events. TnT and NT-proBNP in an anthracycline-naïve population were detected in a few patients; hence, these biomarkers seem not to be useful in this population. Further studies investigating the role of cardiac biomarkers are warranted in patients receiving anti-HER2 therapy, specifically in those previously exposed to anthracyclines where prophylactic treatment may have a role.
